INTRODUCTION
============

The reported incidence of spontaneous intracerebral hemorrhage (ICH) is 24.6 per 100,000 person-years, however, simultaneous multiple ICH are much more uncommon.[@B20] The primary causes of single ICH are hypertension, tumor, vasculopathy, and coagulopathy, however, the causes of simultaneous multiple ICH are not known. We describe two cases of simultaneous multiple ICH for which we could not assign a direct cause and provide a review of the literature.

CASE REPORTS
============

Case 1
------

A 73-year-old man with no previous history of hypertension, diabetes mellitus, or other medical illnesses was admitted to our hospital emergency room due to a sudden onset of decreased mental status. He had never smoked and had an unremarkable history of cerebrovascular accidents. Upon arrival, the patient\'s mental status was drowsy; his total score on the Glasgow coma scale was nine (eye opening 2, verbal response 3, motor response 4). Isocoric pupil with 2 mm/2 mm prompt light reflex and quadriparesis were noted. His right side motor grade was III, and his left side motor grade was IV.

Computed tomography (CT) showed hemorrhages in the bilateral thalami and an intraventricular hemorrhage in the bilateral lateral ventricles ([Fig. 1](#F1){ref-type="fig"}). According to the laboratory results, complete blood count (CBC), coagulation battery, and C-reactive protein (CRP) were all within normal range; however, the patient\'s erythrocyte sedimentation rate (ESR) was slightly elevated.

The patient was admitted to the intensive care unit (ICU) and received conservative treatment. On his seventh day in the hospital, follow-up magnetic resonance imaging (MRI) was performed and showed confluent white matter signals in the periventricular region and in the centrum semiovale; we concluded that he probably had microangiopathic changes in addition to the bithalamic hemorrhage and the intraventricular hemorrhage ([Fig. 2](#F2){ref-type="fig"}). Transfemoral cerebral angiography (TFCA) showed multiple vascular irregularities in the anterior cerebral arteries, middle cerebral arteries, and vertebral arteries, as well as mild atheroma in the bilateral proximal internal carotid arteries (ICA) ([Fig. 3](#F3){ref-type="fig"}). CT, which was repeated after five weeks, showed focal infarcts in the right corona radiata; however, no additional neurologic deficits were observed. Diffusion MRI showed recent focal infarcts in the right corona radiata and subacute stage infarcts in the right occipital lobe and the left temporo-occipital lobe. While undergoing rehabilitation, the patient suffered from recurrent pneumonia. He died of pneumonia within one year of suffering the bithalamic hemorrhage.

Case 2
------

A 60-year-old-man with no hypertension, diabetes mellitus, or other relevant medical history was admitted to our hospital emergency room for weakness on the left side of his body. He was a social drinker and did not smoke. The patient\'s mental status was drowsy, and his Glasgow coma scale score was 14 (eye opening 4, verbal response 4, motor response 6). Isocoric pupil with 2 mm/2 mm prompt light reflex was noted, and his left side motor grade was II.

CT showed an acute ICH in the right thalamus and the right ventral pons ([Fig. 4](#F4){ref-type="fig"}). According to the laboratory results, his CBC and coagulation battery were normal, however, he had hypokalemia, hyperlipidemia, and elevated levels of CRP, ESR, and D-dimer. He also had highly elevated liver enzymes, which had normalized at one-week follow up.

On the same day of his admission to the hospital, the patient showed sudden deterioration into a comatose state, and an increased amount of bleeding on the pons was identified ([Fig. 5](#F5){ref-type="fig"}). His initial CT angiography showed diffuse calcified plaques in the bilateral distal ICA and focal stenosis in the right distal cavernous ICA and the right posterior cerebral artery P2 portion; however, there were no identifiable vascular malformations adjacent to the hematoma of the pons and thalamus ([Fig. 6](#F6){ref-type="fig"}). He died two weeks after the onset of the hemorrhage.

DISCUSSION
==========

Incidence and location of multiple ICH
--------------------------------------

ICH represents 8-14% of first-attack strokes, however, multiple, simultaneous ICH is an uncommon event.[@B2] Multiple ICH have been observed in only 2% of hemorrhagic strokes.[@B15] Yen et al. reported an incidence of 0.8% for simultaneous multiple ICH among all intracranial hemorrhages, Tanno et al. reported an incidence of 0.7%.[@B19][@B21] In other studies, Mauriño et al. reported 2.8% out of 142 patients with hemorrhagic stroke and Stemer et al. reported 14 out of 412 ICH patients (3.4%).[@B12][@B17]

Spontaneous single ICHs occur predominantly in a deep location of the brain, the most common of which is the putamen, followed by the thalamus, the cerebellum, and the subcortical white matter. However, in simultaneous multiple ICHs, it was most commonly detected in the bilateral thalami and then the putamens ([Tables 1](#T1){ref-type="table"} and [2](#T2){ref-type="table"}). Infratentorial hemorrhage was rare. Although the multiple ICHs were located in different hemispheres, they were usually related to the same circulation system. Thalamoperforating arteries are responsible for thalamic hemorrhage while putaminal hemorrhages originated from lenticulostriate arteries from the middle cerebral artery or proximal anterior cerebral artery in the anterior circulation.

Causes and outcomes of multiple ICH
-----------------------------------

Due to the small number of reported cases, the underlying pathology is still not known. Reported causative factors include hypertension, multiple microbleeding, cerebral amyloid angiopathy, vasculitis, administration of intravenous tissue plasminogen activator, asphyxiation, deep cerebral vein thrombosis, and neoplasm; these causative factors are similar to those for single spontaneous ICH.[@B4][@B8][@B11][@B14][@B16] A summary of the previously reported cases of multiple ICH is shown in [Table 1](#T1){ref-type="table"}; review was limited to patients without secondary causes like blood dyscrasia and cases with subsequent bleeding, in which there is an identifiable time interval between two discrete bleeding, were also excluded. As shown in this table, previous stroke, hypertension, and diabetes were the only underlying ICH related disease. There was no difference from the solitary ICH. Several studies have suggested hypertension as a major cause of simultaneous multiple ICH.[@B17] Ooneda et al. suggested that patients with untreated hypertension are more likely to experience microaneurysms in the putamen or thalamus, and a rupture in any of these aneurysms could lead to development of simultaneous ICH.[@B13] Neither case presented here had any of the specific causative factors; however, CT angiography showed vascular irregularities, multiple focal vessel stenosis, and calcified plaque. In our cases, no specific causative factors were found, therefore, we consider that these hemorrhages were spontaneous; however, in the second case, evaluation was insufficient to completely rule out underlying disease.

Yen et al., who compared patients with multiple ICHs to those with solitary ICH, found that hypertension was the only significant risk factor for development of multiple ICHs. They suggested that a longer duration of hypertension and subsequent prolonged and widespread degenerative changes of intraparenchymal arterioles might be involved in development of simultaneous multifocal bleedings.[@B21] Sorimachi et al., who performed T2\*-weighted MR imaging (T2WMRI), found five or more microbleeds in multiple ICH patients. Higher number of microbleeds and high blood pressure were more frequent in multiple ICH patients than in single ICH patients and he recommended strict control of blood pressure in patients with multiple microbleeds on T2WMRI.[@B16] Due to the widespread nature of angiopathy, cerebral amyloid angiopathy related ICH, which accounts for 5-20% of spontaneous ICH in elderly, often manifests as recurrent or simultaneous multiple ICH.[@B3]

Clinical manifestations of multiple ICH are not standardized. The clinical signs and symptoms usually depend on the side and location of the hemorrhage. Patients present with various symptoms, such as decreased mental status, motor deficits, neuropsychological deficits, or dysarthria. Compared with single ICH patients, multiple ICH patients had lower Glasgow coma scale scores and higher rates of quadriparesis than hemiparesis. Different prognostic factors of multiple ICH have not been reported, however, patients have a poorer prognosis than single ICH patients.[@B5][@B12][@B21] Sato et al. suggested that multiple ICH patients experience severe neurological sequelae even if the sizes were smaller, because of markedly decreased cerebral blood flow in both cerebral hemispheres and disturbed both sides of the pyramidal tract and the sensory pathway at the same time.[@B14]

Probable patho-mechanisms of multiple spontaneous ICH
-----------------------------------------------------

Thalamic bleeding originates from thalamic perforators of the posterior cerebral arteries, and pontine hemorrhage depends on the causative perforating artery, which can be found in the basilar paramedian perforators or short or long circumferential branches. Komiyama et al. found simultaneous hemorrhages from multiple lenticulostriate arteries in a man with hypertension and ICH.[@B10] Simultaneous extravasation of contrast medium from both medial and lateral lenticulostriate arteries was observed during conventional angiography. If an ICH occurs, acute cerebrovascular changes subsequently occur. It could mean that hemodynamic change of the parent vessel can have a simultaneous effect on its perforators. Or, it is possible to assume that one area of bleeding and probable surge of regional pressure induce secondary bleeding in adjacent areas within a short period.[@B21] Vessel irregularities, such as strengthened jet flow, can occur in vulnerable penetrating arteries and could cause a subsequent ICH. Although in our cases, the simultaneous hemorrhages occurred in different regions, the causative vessels originated from the same circulation. Our angiography finding showed multiple vascular stenosis and microangiopathic changes, which can infer generally increased vascular fragility and increased risk of future hemorrhage.

For patients with long-standing hypertension and advanced cerebrovascular degeneration, initial hemorrhage can cause reflex increase in blood pressure and increased intracranial pressure, resulting in rupture of another vessel that is already weakened by chronic arterial hypertension.[@B21] The exact pathogenic mechanism is not clear, however, longstanding untreated hypertension is thought to be a major factor in multiple ICH and strict control of blood pressure is needed.

CONCLUSION
==========

Hemorrhages are usually located in bilateral thalami and putamens and clinical symptoms depend on the location of the hemorrhage. The pathological mechanism and predisposing factors of simultaneous multiple ICH are still unknown. Hemodynamic change after solitary ICH or vessel irregularity by untreated hypertension, cerebral amyloid angiopathy, and microhemorrhage may cause simultaneous multiple ICH.

![A 73-year-old male patient (case 1) with spontaneous, simultaneous bithalamic hemorrhage. Brain computed tomography shows bilateral thalamic hemorrhage with intraventricular hemorrhage in the lateral ventricles.](jcen-16-104-g001){#F1}

![T2-weighted brain magnetic resonance imaging of case 1. Microangiopathic changes in the periventricular area with early subacute bithalamic hemorrhage are noted.](jcen-16-104-g002){#F2}

![Transfemoral carotid angiography (case 1) was performed at the hospital 24 days after admission. (A) Multiple focal vascular stenosis in the anterior cerebral artery and middle cerebral artery. (B) Mild atheroma is shown in the left cervical carotid bifurcation. (C) Focal stenosis is shown in the right vertebral artery.](jcen-16-104-g003){#F3}

![A 60-year-old male patient (case 2) with spontaneous, simultaneous intracerebral hemorrhage. (A) Brain computed tomography shows intracerebral hemorrhage in the pons. (B) Acute right thalamus hemorrhage is noted. The two hemorrhages were completely separated spatially.](jcen-16-104-g004){#F4}

![Follow-up computed tomography of case 2 after neurologic deterioration into a coma. (A) An increased amount of intracerebral hemorrhage in the pons is compressing the fourth ventricle. (B) There is no significant change in the hemorrhage in the right thalamus.](jcen-16-104-g005){#F5}

![Initial computed tomography angiography of case 2. (A) Diffuse calcified plaques in the bilateral distal internal carotid arteries are noted. (B) Focal stenosis in the right posterior cerebral artery, P2 portion, is shown.](jcen-16-104-g006){#F6}
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Review of previously reported cases of multiple spontaneous intracerebral hematomas

![](jcen-16-104-i001)

mRS = Modified Rankin Scale; ADL = Kanaya\'s activity of daily life grading system; GCS = Glasgow coma scale; GOS = Glasgow outcome scale; Bil = bilateral; DM = diabetes mellitus
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Summary of the reported 37 patients with multiple spontaneous hemorrhages
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^\*^Locations are presented as number of lesions.

^†^Outcomes were originally presented as a different scale. Based on the original articles the Glasgow outcome scales were arbitrarily applied by the authors.
